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ABSTRACT 

The 1975 Mars-Venus b a l l i s t i c  d u a l - p l a n e t  f l y b y  m i s s i o n  i s  c h a r a c t e r i z e d  by r e l a t i v e l y  h i g h  i n j e c t i o n  
v e l o c i t i e s  and nar row l aunch  window. 

Some compar isons  a r e  made between t h i s  m i s s i o n  

I n c r e a s e d  computer c a p a b i l i t y  i s  i l l u s t r a t e d  by 

and t h e  1975  Mars t w i l i g h t  f l y b y .  

t h e  g r a p h i c a l  d a t a  p r e s e n t e d .  
p l o t t e d  from s t o r e d  t r a j e c t o r y  da ta .  

These  g r a p h s  were machine 
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MEMORANDUM FOR FILE 

I N T R O D U C T I O N  

The 1975 Mars-Venus d u a l - p l a n e t  b a l l i s t i c  f l y b y  
o p p o r t u n i t y  was known t o  e x i s t  s i n c e  mid-1966 when i t  was 
d i s c u s s e d  by H .  F .  M i c h i e l s e n  o f  Lockheed d u r i n g  a 
p r e s e n t a t i o n  t o  NASA Headquar t e r s  and Bellcomm. It was 
s u b s e q u e n t l y  i n v e s t i g a t e d  a s  a p o s s i b l e  a l t e r n a t i v e  t o  t h e  
1975 Mars t w i l i g h t  f l y b y  m i s s i o n ,  a l t h o u g h  a t  t h e  t i m e  o f  
t h i s  w r i t i n g  any 1975 mis s ion  a p p e a r s  t o  be l a r g e l y  of  
academic i n t e r e s t .  

The p l a n e t a r y  e n c o u n t e r  da tes  f o r  t h i s  m i s s i o n  do  
n o t  o c c u r  as p r e d i c t e d  on t h e  basis  o f  c o n v e r t i n g  a n  
inbound Venus swingby Mars s t o p o v e r  m i s s i o n  to a d u a l - p l a n e t  
b a l l i s t i c  f l y b y .  
d u r i n g  t h e  Mars e n c o u n t e r  t h a n  i s  p o s s i b l e  w i t h  t h e  e x i s t i n g  
h i g h  approach  v e l o c i t y  t h e r e .  The e n c o u n t e r  da t e s  f o r  t h i s  
m i s s i o n  s u b j e c t  t h e  outbound l e g  t o  t r a n s f e r  a n g l e s  o f  a 
l i t t l e  more t h a n  180°, p r o d u c i n g  a " r i d g e  e f f e c t "  t h a t  i s  
e v i d e n c e d  by r e l a t i v e l y  h i g h  e a r t h  d e p a r t u r e  v e l o c i t i e s .  ' 

It has been shown, however,  ( R e f e r e n c e  1) t h a t  t h i s  
m i s s i o n  i s  r e a s o n a b l e  t o  c o n s i d e r  i f  h i g h  pe r fo rmance  
c r y o g e n i c  i n j e c t i o n  stages a re  a v a i l a b l e .  F u r t h e r m o r e ,  
improvements can  b e  expec ted  i n  m i s s i o n  c h a r a c t e r i s t i c s  
by employing a small impulse  a t  Mars i n  o r d e r  t o  f u r n i s h  
some o f  t h e  r e q u i r e d  t u r n i n g  a n g l e  and t o  "move away" 
from t h e  180° t r a n s f e r  r i d g e .  

T h a t  c o n v e r s i o n  r e q u i r e s  more t u r n i n g  

MISSION CHARACTERISTICS 

The m i s s i o n  p r o f i l e  i s  shown i n  F i g u r e  1, on 
which are  a l s o  t a b u l a t e d  t h e  p l a n e t a r y  e n c o u n t e r  da t e s ,  t h e  
r e l a t i v e  v e l o c i t i e s  o f  t h e  s p a c e c r a f t  w i t h  r e s p e c t  t o  t h e  
p l a n e t s  a t  t hese  da tes ,  t h e  radiils o f  p a s s a g e ,  and t h e  
maximum and minimum e x c u r s i o n s  from t h e  s u n .  The m i s s i o n  
i l l u s t r a t e d  r e q u i r e s  6 2 0  days .  A t y p e  #3  inbound Venus 
swingby t r a j e c t o r y  w i t h  i t s  c h a r a c t e r i s t i c a l l y  c l o s e  
a p p r o a c h  t o  t h e  s u n  can  be r e c o g n i z e d  i n  t h e  m i s s i o n  p r o f i l e  
a f t e r  t h e  Mars e n c o u n t e r .  
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F i g u r e  2 p r e s e n t s  t h e  e a r t h  d e p a r t u r e  
c h a r a c t e r i s t i c s  superimposed on which a re  t h e  1 . 0  p a s s a g e  
r a d i u s  c o n t o u r s  a t  Mars and Venus. Only t h e  unshaded 
r e g i o n  o f  t h e  g raph  r e p r e s e n t s  b a l l i s t i c  f l y b y  t r a j e c t o r i e s  
t h a t  do n o t  impact  e i t h e r  p l a n e t .  T h i s  f i g u r e  shows t h a t  
such  f l y b y s  a re  p o s s i b l e  only d u r i n g  a 14-day e a r t h  l a u n c h  
window and t h a t  t h e  minimum ea r th  d e p a r t u r e  V w  i s  g rea t e r  
t h a n  .3O emos. 

F i g u r e s  3 and 4 g i v e  t h e  f l y b y  d a t a  a t  Mars and 
Venus,  r e s p e c t i v e l y ,  and it i s  n o t e d  t h a t  t h e  p a s s a g e  
v e l o c i t i e s  are modera t e ly  h i g h  a t  Mars and ve ry  h i g h  at 
Venus. These h i g h  v e l o c i t i e s  r e s u l t  from t h e  manner i n  
which t h e  s p a c e c r a f t ' s  t r a j e c t o r y  c u t s  a c r o s s  t h e  p l a n e t a r y  
o r b i t s  a t  t h e  t i m e  o f  e n c o u n t e r .  (See  F i g u r e  1) 

F i g u r e  5 r e v e a l s  t h a t  t h e  e a r t h  e n t r y  v e l o c i t i e s  
are  modera t e ly  low. 

C O N C L U S I O N S  

The 1975 Mars-Venus b a l l i s t i c  d u a l - p l a n e t  f l y b y  
does  n o t  r e p r e s e n t  an  a t t r a c t i v e  m i s s i o n  o p p o r t u n i t y .  
However, i t  does add t o  t h e  small a c c u m u l a t i o n  o f  knowledge 
and u n d e r s t a n d i n g  o f  m u l t i - p l a n e t  f l y b y  m i s s i o n s  i n  g e n e r a l .  

The m i s s i o n  o p p o r t u n i t y  u s e s  outbound l e g s  t h a t  
n e a r  t h e  180°  earth-Mars t r a n s f e r  r i d g e .  The I ?  lie I f  

u n f a v o r a b l e  e a r t h  d e p a r t u r e  c h a r a c t e r i s t i c s  s u p p o r t  t h e  
c o n t e n t i o n  t h a t  t h e  r i d g e  r e g i o n  w i l l  n o t  "produce"  a t t r a c -  
t i v e  m i s s i o n  o p p o r t u n i t i e s  f rom t h e  s t a n d p o i n t  o f  i n j e c t i o n  
v e l o c i t i e s  and l aunch  d e l a y  s e n s i t i v i t i e s .  

I n  comparison w i t h  t h e  1 9 7 5  Mars t w i l i g h t  f l y b y  
m i s s i o n ,  t h e  s l o w e r  pas sage  v e l o c i t y  a t  Mars i s  v e r y  
i m p o r t a n t  from t h e  s t a n d p o i n t  o f  e a s i n g  t h e  d e s i g n  r e q u i r e -  
ments  of a s u r f a c e  sample r e t r i e v i n g  p r o b e  ( R e f e r e n c e  1) .  
The h i g h e r  i n j e c t i o n  v e l o c i t y  c h a r a c t e r i s t i c  of t h i s  
m i s s i o n  i m p l i e s  a r equ i r emen t  f o r  more l a u n c h  v e h i c l e s .  
S o l a r  f l a r e  p r o t e c t i o n  may be r e q u i r e d  due  t o  t h e  c l o s e  
approach  t o  t h e  sun .  This  m i s s i o n  i s  two months s h o r t e r  
t h a n  t h e  1975 Mars t w i l i g h t  f l y b y ,  and t h e  e a r t h  e n t r y  
r e q u i r e m e n t s  are n o t  a s  s e v e r e .  
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EARTH DEPARTURE DATE (JULIAN -2440000) 

EARTH DEPARTURE Voo (EMOS) 
INJECTION VELOCITY (FT/SEC) 

-- RIGHT ASCENSION (DEG) - - - - DECLINATION (DEG) 
.................. MARS PASSAGE RADIUS ( P .  RAD.) 
-..-..- VENUS PASSAGE RADIUS ( P .  RAD.) 

FIGURE 2 - EARTH DEPARTURE CHARACTERISTICS 
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E ART H DEPARTURE DATE (J U LI A N  -2440000) 

MARS ARRIVE - DEPART Vm (EMOS) 
PER1 APSl S VELOCITY (FT/S EC) 

-..-***-*---.....*. PASSAGE RADIUS (P. RAD.) - - PASSAGE DATE (JULIAN- 2440000) 

FIGURE 3 - MARS PASSAGE CHARACTERISTICS2750 



2552 2556 2560 2564 2568 2572 2576 2580 2584 2588 
EARTH DEPARTURE DATE (JULIAN - 2440000) - VENUS ARRIVE - DEPART Voo(EM0S) 

P ERI APSl S VELOCITY (FT/SEC) 
..................... PASSAGE RADIUS (P. RAD.) - - PASSAGE DATE (JULIAN - 2440000) 

FIGURE 4 - VENUS PASSAGE CHARACTERISTICS 
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2552 2556 2560 2564 2568 2572 2576 2580 2584 2588 
EARTH DEPARTURE DATE ( JULIAN -2440000) 

EARTH ARRIVAL Voo (EMOS) 
ENTRY VELOCITY (FT/SEC) 

.................... MARS PASSAGE RADIUS (P. RAD.)) 
-..-..- VENUS PASSAGE RADIUS (P. RAD.) 

FIGURE 5 - EARTH ARRIVAL CHARACTERISTICS 
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